The aim of the present study was to evaluate the effectiveness of the Simplified Acute Physiology Score (SAPS) III and the Acute Physiology and Chronic Health Evaluation (APACHE) IV in the prediction of in-hospital mortality in surviving multitrauma patients.
INTRODUCTION
Trauma is one of the world's leading causes of death and disability. [1] The in-hospital mortality rate of trauma patients in Europe ranges between 15% and 17%. [2] Following the initial, immediate care provided in the emergency department or operating theater, patients with severe trauma need a close evaluation to determine treatment and further management in the intensive care unit (ICU). Management in the ICU includes predicting survival using severity scores. The estimation of mortality in trauma patients is important in order to Cite this article as: Korkmaz Toker M, Gülleroğlu A, Karabay AG, Biçer İG, Demiraran Y. SAPS III or APACHE IV: Which score to choose for acute trauma patients in intensive care unit?. Ulus Travma Acil Cerrahi Derg 2019;25:247-252.
The APACHE-IV, the most recent version, is calculated based on 129 variables derived within the first 24 hours of ICU admission, and was developed based on 110,588 patients admitted to more than 104 ICUs across the US. [4] The SAPS III was created in 2005 using a database of 16,784 patients from 303 ICUs in 35 countries. [5] Several studies have compared the different outcomes of prediction scoring systems. [6, 7] The latest ICU scoring systems, the SAPS III and the APACHE IV are powerful and have benefited from multiple revisions. [5] Although they were determined using several groups of ICU patients, these models have never been designed specifically for multi-trauma patients. Patients with traumatic injuries are typically evaluated with the commonly used scoring systems. [8] Initial arrival trauma scoring systems, such as the Injury Severity Score, the New Injury Severity Score, the Revised Trauma Score, and the Trauma Revised Injury Severity Score have been studied. [9] [10] [11] Orhon et al. [10] remarked upon the difficulty of determining an adequate prognosis with only anatomical and physiological injury scores. Nonetheless, the application of severity scoring systems to trauma patients facilitates the evaluation of likely clinical outcomes and the effectiveness of care in multi-trauma patients in the ICU. Both the APACHE and the SAPS tools are logistic regression models that include physiological and laboratory parameters.
To our knowledge, no study has been conducted to evaluate the accuracy of the APACHE-IV and the SAPS III to predict in-hospital mortality in multi-trauma patients in Turkey. The objective of this study was to evaluate and compare the mortality assessment in multi-trauma patients in the ICU predicted by the APACHE IV and the SAPS III scoring systems.
MATERIALS AND METHODS

Approval for this retrospective cohort research was granted by Istanbul Kanuni Sultan Suleyman Training and Research
Hospital Clinical Research Ethical Committee. This study was conducted at the 13 bed ICU at Istanbul Kanuni Sultan Suleyman Training and Research Hospital, Turkey. The retrospective data of multi-trauma patients treated in the ICU between 2013 and 2015 were reviewed. Data collection included patient age, gender, ICU length of stay, and ICU admission and outcome. The APACHE IV, Acute Physiology Score (APS), and SAPS III scores and predicted mortality rate (PMR) were calculated using web-based calculators: http://intensivecarenetwork.com/ Calculators/Files/APACHE4.html and http://intensivecarenetwork.com/Calculators/Files/SAPS3.html. Patients younger than 18 years of age, readmissions to the ICU, burn patients, and patients with insufficient data were excluded from this study.
Statistical Analysis
NCSS 2007 and PASS 2008 statistical software (NCSS, LLC, Kaysville, UT, USA) were used to perform the statistical analysis. The descriptive data of the study were specified as mean, SD, median, frequency, rate, minimum, and maximum. Mean tests were compared using an independent t-test if the data distribution was normal or the nonparametric Mann-Whitney U test if the data were not distributed normally. Spearman's correlation analysis was performed to evaluate inter-parameter relationships. Diagnostic screening tests (sensitivity, specificity, positive predictive value, negative predictive value) and receiver operating characteristic (ROC) curve analysis were used to determine the cutoff for the parameters. The p values of <0.01 and <0.05 were considered statistically significant.
Sample size was calculated based on data from a pilot group of 15 trauma patients. These patients were not included in the main study. In this pilot study, the mean PMR of patients was 29±22.6 according to the APACHE IV and 23±26.8 according to the SAPS III. Data from 80 patients were required to determine a significant difference with a one-sided type I error (α) of 0.1 and a power (1−β) of 0.7. An additional 10 patients were added to compensate for dropouts; a total of 90 patients were enrolled.
RESULTS
The study was conducted with 90 multi-trauma patients who were admitted to the ICU between January 2013 and February 2015. Of the 90 patients, 20% (n=18) were female and 80% (n=72) were male. The mean patient age was 38.83±18.67 years. The overall mortality rate was 25.6% (n=23). In all, 63.3% (n=57) of the patients were transferred to general surgery or neurosurgery wards after ICU treatment and 11.1% (n=10) were referred to other hospitals (Table 1) . Ten patients referred to other hospitals were subsequently followed up and included in the analysis. All of the patients who were referred survived.
The mean APACHE IV, APS, and SAPS III scores, calculated within 24 hours of admission to the ICU, were 69.27±34.51, Table 2) .
The APACHE IV, APS, and SAPS III scores were significantly different with respect to patient outcome (p<0.01). The PMR according to the APACHE IV and SAPS III was statistically significant (p<0.01) ( Table 3) .
Analysis of the APACHE IV scores according to mortality revealed a statistically significant difference (p<0.01). The SAPS III mortality scores were also statistically significant (p<0.01) ( Table 4 ). ROC analysis and diagnostic scanning tests were used to calculate cutoff points for the APACHE IV and SAPS III prediction of mortality. The data obtained for the APACHE IV were a cutoff value of 95, with a sensitivity of 69.57%, specificity of 91.04%, positive predictive value of 72.73, and negative predictive value 89.71. The cutoff point for the SAPS III score and mortality was 45, with a sensitivity of 91.30%, specificity of 80.60%, positive predictive value of 61.76, and a negative predictive value of 96.43 ( Table 5 ). The area under the curve (AUC) recorded in the ROC curve graph for the APACHE IV and the SAPS III was 87% and 93.3%, respectively ( Fig. 1 and Fig. 2 ).
DISCUSSION
The results of this study demonstrated that the performance of the SAPS III was more sensitive and discriminative than the APACHE IV score when we evaluated the accuracy of these prediction models for surviving multi-trauma patients in the ICU. Both scoring systems were sufficiently accurate to determine the ICU mortality of trauma patients.
The APACHE II was developed 3 decades ago, in 1985, and became the most commonly used scoring system in ICUs. [4] The advances in quality of care and the emergence of new treatment modalities since then have been immense and have significantly decreased the mortality rate in ICUs, making the older scoring systems more and more inaccurate. [12] The APACHE IV model has been found to have excellent discrimination and calibration in a USA population. [4] Parajuli et al. [12] found that the discrimination of the APACHE IV was better than the APACHE II model. Given the improvements in the APACHE scoring system, we decided to use the APACHE IV instead of the APACHE II in these multi-trauma patients.
In data from Californian ICUs, [7] and Dutch ICUs [13] the overall discrimination of the APACHE IV model was significantly better than the discrimination of the customized SAPS II model. In contrast to the 24-hour time interval used for the SAPS II model, the SAPS III measures the severity of disease based on data recorded within the first hour after admission. [5] The SAPS III score has been shown to exhibit good discrimination, calibration, and goodness of fit. [14] Based on a review of the literature, [7, 15] we decided to evaluate the results of the SAPS III against the APACHE IV.
Discrimination is a critical element in the assessment of the reliability of severity scoring systems. It is typically quantified using the AUC. [16] The discrimination of a prognostic model is considered good if the AUC is >0.8, moderate if the AUC is between 0.6 and 0.8, and poor if the AUC is <0.6. [17] Our results for the discrimination of the SAPS III were consistent with previous external validation studies (earlier AUC results: 0.82-0.93). [13, 18, 19] Our findings were also supported by the results of an external validation study in which APACHE IV models proved to have good overall discrimination and accuracy in Dutch ICUs (AUC: 0.87; Brier score: 0.10). [13] Nassar et al. [19] researched the performance of the APACHE IV, the SAPS III and the Mortality Probability Model in Brazilian ICUs. They reported an AUC of 0.883 for the APACHE IV, while it was 0.855 for the SAPS III. The results of this study were not exactly consistent with our research; however, Nassar et al. used study groups with low-risk patient populations due to the absence of intermediate ICU facilities, and differences in the study population, regional variability in end-of-life decisions, and temporal bias, that is, the interval between the development of the prognostic models and study enrollment, may explain some variations.
The observed mortality rate in the present study was 25.6%, and the mortality rate of each prognostic model studied was 26.36±27.14 for the APACHE IV and 17.7±24 for the SAPS III. All of the prognostic models we were used in our study, were produced a near-complete mortality estimate. accurate
Our results suggest that the SAPS III scoring system was more sensitive to in-hospital mortality prediction than the APACHE IV for surviving trauma patients. The SAPS III admission score was based on records from within the first hour of acceptance of trauma patients to the ICU. [5] Half of the estimated power of earlier versions of the SAPS score is generated by compiling patient data from prior to admission to the ICU. A score recorded after the first 24 hours following ICU admission may in large part reflect the standard of care, rather than actual clinical status. Likely as a result of this advantage, we found the SAPS III score to be more sensitive than the APACHE IV.
Ayazoglu et al. [20] conducted an APACHE IV validation study on a segment of the Turkish population and reported that the APACHE IV scoring system was successful in predicting mortality and evaluating the efficacy of treatment in a cardiovascular-thoracic surgery ICU. Geyik et al. [21] compared the mortality rate of ICU patients according to the APACHE II and IV scores and found that the APACHE II was superior in predicting mortality. This result may have been a reflection of the consistency of the patient groups in their study. To our knowledge, the present study is the first to compare the APACHE IV and the SAPS III using a Turkish population of trauma patients.
Our study has potential limitations. The first is associated with the retrospective design. Another is that the study was conducted at a single ICU. Due to institutionally related differences in the management of trauma, the assessment of prognostic models from a single institution limits the ability to generalize our results to other ICUs.
In conclusion, the results of our research demonstrated that the discrimination of both the APACHE IV and the SAPS III indicated that they were good tools for the evaluation of trauma patients treated in our ICU. The SAPS III had greater discriminatory power and sensitivity than the APACHE IV in predicting the mortality of multi-trauma patients in the ICU. It is recommended that further studies be performed to validate the SAPS III scoring system in varied ICUs that mostly deal with trauma.
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